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1. Introduction
A new study item about MIMO OTA for HSPA and LTE technologies was developed in March 2009. During the 3GPP RAN4 #50bis and #51 meetings, many issues on MIMO OTA were discussed and investigated, including methodologies, high level requirements, figure of metrics, channel model, testing setup, testing procedure, and so forth. At the same time, COST 2100 SWG 2.2 and CTIA RVSG also put efforts on developing MIMO OTA testing technologies. [1]
Currently, there are two popular methodologies to measure the radiated performance of devices with multiple antennas. They are the anechoic chamber methodology with multipath fading MIMO channel simulator and the reverberation chamber methodology. 
The objective of this document is to clarify the characteristics of each approach and explain their pros and cons. Meanwhile, the consideration about MIMO transmission modes is also provided. 
2. Discussion
2.1 Anechoic Chamber Methodology with Multipath Fading Channel Simulator
The purpose of this methodology is using Multipath Fading Channel Simulator to emulate the multi-path propagated and delay environment in Anechoic Chamber. Figure 1 is the brief diagram of Anechoic Chamber Methodologies with Multipath Fading Channel Simulator. [2]
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Figure 1. Diagram of Anechoic Chamber Methodologies with Multipath Fading Channel Simulator

From the above chart, this testing approach consists of BS Emulator, Multipath Fading Channel Simulator, Anechoic Chamber, chamber antennas and EUT.
BS emulator could simulate HSPA or LTE BS with single or two antennas. The multipath fading channel simulator is used to generate various fading signals and simulate multi-path propagated environment. Each fading signal output port connects with each chamber antenna. The chamber antennas are generally allocated around EUT with the uniform spacing. Actually, chamber antennas could be dual polarized with vertically (V) polarized elements and horizontally (H) polarized elements. EUT with MIMO antennas is on the centre. There are many kinds of EUT, including handset devices, laptop and datacard.
Presently, FOM, channel model and test position are the crucial points in MIMO OTA measurement and have been discussed in many meeting documents. [1][2][5]
· Figure of Merits
FOM is important to reflect the radiated and received performance of EUT. It is still one of the open issues for MIMO OTA testing and needs to further research. [6][7]
Several parameters have been discussed. They are TRP, TRS, MEG, throughput, MIMO channel eigenvalue, spatial fading correlation coefficient, cross-polarisation power ratio (XPR) and antenna gain imbalance. However, due to the complication of MIMO system, the redefinition of some parameters is necessary.
· Channel Model
Channel model is another key issue in MIMO OTA testing. The ideal channel model could create a realistic radio multipath fading and delay channel environment. So it is important to select the proper MIMO channel mode to evaluate the OTA performance of MIMO devices. [10]
The main parameters of channel model include Angle of Arrival (AoA), Angle of Departure (AoD), Power Angular Spectrum (PAS), Doppler, delay and polarization.

Currently, SCM, SCME and WINNER were proposed as reference to develop testing. Additionally, the complexity, testing time, controllability and repeatability are all required to consider.
· Testing Position

Phantom head and hand are also used in MIMO OTA measurement. Since the high speed data service is the main feature of HSPA and LTE system, in MIMO OTA testing, free-space mode, speech mode in talk position and data mode with hand phantom would be taken into account. [9]
There are many of 
The anechoic chamber methodology with multipath fading channel Simulator has many advantages, such as using channel simulator to provide accurate and flexible multipath channel, cost-effective for reusing the existing equipments, good repeatability and controllability.[1][2]
The challenges of this test methodology, however, should be further investigated, for example, the number of chamber antennas, different channel mapping algorithm, how to generate the proper angular behaviour within the anechoic chamber, the way to allocate chamber antennas, the size of Anechoic Chamber, etc.
2.2 Reverberation Chamber Methodology
The reverberation chamber methodology uses reflective walls to generate various kinds of signals and obtain the multipath channels. The mode stirrer is the key element. After mode stirrer, MIMO signals become certain fading signals. The block diagram of reverberation chamber testing is illustrated as Figure 2.[1][11]
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Figure 2 The Block Diagram of Reverberation Chamber testing
The benefit of this method is easy to implement. However, only specific fading channels without generic multipath fading and delay channels are the main challenges of the reverberation chamber methodology. Moreover, anther limitation is different to duplicate the multipath propagation scenarios, such as indoor, urban, suburban, etc.
3. MIMO Transmission Mode
In LTE system there are several MIMO transmission modes. In order to emphasize the features of the MIMO technology, it is necessary to discuss which MIMO transmission mode should be taken into account during MIMO OTA testing.  [12] 
4. Conclusion
In this document, two main popular methodologies to measure the radiated performance of devices with multiple antennas are summarized. Those are the anechoic chamber methodology with multipath fading MIMO channel simulator and the reverberation chamber methodology. The benefits and challenges of each approach are explained. Furthermore, this document suggests to consider which MIMO transmission modes will be used during MIMO OTA measurement. 
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